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ABSTRACT Programs to eradicate the boll weevil, Anthonomus grandis grandis Boheman, from
cotton, Gossypium hirsutum L., in the United States rely heavily on pheromone traps for monitoring
weevil populations in both active and posteradication maintenance programs. ModiÞcations to trap-
ping protocols that increase trap effectiveness should contribute to this eradication effort. Between
October 1996 and May 1997 and between September 1997 and April 1998, we compared trap
effectiveness, indicated by the numbers of captured weevils, in relation to selected habitat types. Each
study period was divided into fall, winter, and spring seasons. Traps were closely associated with seven
habitat types, including four types with prominent erect vegetation (brush-lined irrigation canal,
brush, sugarcane, and resaca or ox-bow lake) and three types with only low-growing or sparse erect
vegetation (irrigation drainage canal, unimproved pasture, and fallow Þelds). Captures of male and
female weevils were statistically similar regardless of season or trapping habitat. Although captures
differed signiÞcantly among habitats, these differences varied among seasons. Trapping habitats with
prominent vegetational features generally produced higher weekly captures of weevils than habitats
lacking these features. Also, captures in traps associated with prominent vegetation indicated seasonal
differences in weevil activity, with highest captures occurring during the fall. Traps associated with
habitats lacking prominent vegetation did not statistically demonstrate seasonal differences. Our
results indicate that immediate trap surroundings strongly inßuence the effectiveness of the boll
weevil pheromone trap. These results also suggest that effectiveness of current trapping programs may
be improved through purposeful association of traps with selected vegetational features.
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Programs to eradicate the boll weevil, Anthonomus
grandis grandisBoheman, from cotton,Gossypiumhir-
sutum L., rely heavily on pheromone traps for popu-
lation monitoring and detection (El-Lissy et al. 1997,
Smith 1998). After active eradication programs, the
pheromone trap remains the primary means of de-
tecting weevil activity in maintenance programs.
Thus, modiÞcations to trapping protocols that result in
improved detection or monitoring ability should assist
in achieving and maintaining eradication.

Several investigators have reported increased cap-
tures of boll weevils in traps associated with wooded
areas (Cross and Hardee 1968, Hardee et al. 1972,
Roach et al. 1972). These authors generally assumed
the increased captures resulted from the nearness of
the traps to overwintering habitat of the boll weevil.
Guerra and Garcia (1982) similarly observed in-
creased captures of weevils in traps bordering wooded

areas in the Lower Rio Grande Valley of Texas. How-
ever, the overwintering habitats considered typical of
temperate zones are not used extensively by the wee-
vil in the subtropics (Graham et al. 1978, Rummel and
Summy 1997). Thus, factors other than proximity of
the traps to overwintering habitat were likely respon-
sible for the observations of Guerra and Garcia (1982).

The Lower Rio Grande Valley of Texas is a produc-
tion region characterized by moderately high sus-
tained wind speeds. Sappington and Spurgeon (2000a)
examined the inßuence of trap orientation (leeward
and windward) to brush lines in that region. They
found that brush lines moderated wind speeds, result-
ing in increased captures of weevils in leeward traps
when wind speeds were �10 km/h. However, their
study did not examine the inßuences of brush lines on
captures of weevils in traps relative to captures in traps
situated in more open settings, nor did it examine the
potential inßuences of other common prominent veg-
etative features. Our objective was to examine the
inßuences of several prominent vegetational features,
typical of the Lower Rio Grande Valley, on trap cap-
tures of the boll weevil.

Mention of trade names or commercial products in this article is
solely for the purpose of providing speciÞc information and does not
imply recommendation or endorsement by the U.S. Department of
Agriculture.
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Materials and Methods

Experimental Procedure.The study was conducted
on the Russell Plantation, south of San Benito, TX
(Fig. 1aÐd). The plantation occupied a contiguous
area of �1,500 ha, including �120 ha of cotton. The
locations of cotton Þelds varied during the study, but
they were distributed among other crops in Þelds
designated as “fallow” in Fig. 1b. Cotton also was
produced on surrounding land, generally within 0.5
km of the plantation. Because late-season weevils rap-
idly disperse from Þelds of destroyed cotton, trapping
periods during both years were selected to minimize
or avoid the inßuences of previous or subsequent
cotton crops. The Þrst study period was from 14 Oc-
tober 1996 to 5 May 1997 (29 wk), and the second
study period was from 8 September 1997 to 6 April
1998 (30 wk). Thus, trapping studies were initiated
well after harvest and the 1 September mandatory
stalk destruction deadline and were terminated before
the following crop (planted early to mid-March) be-
gan to produce substantial numbers of squares (ßower
buds). At the beginning of each study period a grid of
standard Hercon Scout traps (Hercon Environmental,
Emigsville, PA) was installed on the Plantation. Traps,
each supported �1 m above ground on a stake of metal
conduit, were placed at �80-m intervals along all ac-
cessible farm roads, turn rows, and fence lines. Each
trap was baited with a standard 10-mg lure (Hercon
Environmental, Emigsville, PA) containing grandlure.
Lures were replaced every 2 wk. Each trap was as-
signed one of seven habitat types. These habitat types
were based on the dominant vegetative feature im-
mediately adjacent to the trap. Traps assigned to
brushy habitat types were placed directly on the edge

of the habitat in small clearings of �2 m in diameter.
These clearings were periodically maintained to en-
sure that weeds and other vegetation did not interfere
with the traps.

Habitat types were designated as irrigation drainage
canal (canal; 31 and 59 traps in Þrst and second study
periods, respectively), brush-lined canal (brush-canal;
239 and 204 traps), brush (40 and 35 traps), sugarcane
(37 and 52 traps), unimproved pasture (pasture; 161
and 219 traps), fallow Þelds (fallow; 117 and 84 traps),
and ox-bow lake (resaca; 106 and 104 traps in Þrst and
second study periods, respectively). Canals were
earthen trenches typically 20Ð30 m across with only
low-growing or sparse erect vegetation on their banks.
These structures frequently contained surface water.
Brush-canals were similar to canals except their banks
were lined with a narrow stand of erect vegetation
(native trees and shrubs but primarily Prosopis [mes-
quite] and Acacia spp.). Brush was wooded area pop-
ulated by a dense stand of native trees and shrubs. The
resaca habitat type was characterized by relatively
wide (�50 m) ox-bow lake with a 10Ð15-m-wide bor-
der composed of native trees and shrubs. Predominant
erect vegetation in both brush and resaca habitats
included Prosopis and Acacia spp. as well as the ever-
green Ebenopsis ebano (Berl.) Barneby & Grimes
(Texas ebony). Sugarcane was commercial plantings
of Saccharum spp. Pasture was primarily grasses, but
some areas also were populated by sparse stands of
Prosopis and Acacia spp. This habitat type differed
from other habitats featuring brush in that the prom-
inent erect vegetation was spatially diffuse and did not
form a distinct border. Finally, the fallow habitat type
was plowed croplands for most of both study periods

Fig. 1. Distribution of habitat types associated with boll weevil traps on Russell Plantation, San Benito, TX, from October
1996 to May 1997. (a) Unimproved pasture and sugarcane. (b) Fallow cropland. (c) Resaca (ox-bow lake) and native brush.
(d) Irrigation drainage canal and brush-lined drainage canal.
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except for late spring, when these areas were planted
to cotton; corn, Zea mays L.; or sorghum, Sorghum
bicolor (L.) Moench. Figure 1aÐd illustrates the phys-
ical arrangement of habitats in the Þrst study period.
Habitats were similarly arranged during the second
study period except for an increase in the hectarage of
sugarcane, the clearing of some brush-canal habitat,
and increased access to interior portions of the pas-
ture.

During the experiment, traps were checked weekly
except when turn rows became impassable because of
heavy rains. Because of the large number of traps, all
traps could not be serviced on a single day. Rather,
traps were divided into Þve groups, with each group
being assigned to a separate day of the week. Captured
weevils were collected into vials containing 70% iso-
propyl alcohol and transported to the laboratory
where they were divided by sex using the method of
Sappington and Spurgeon (2000b). Captures from
traps that were knocked down, missing, obstructed by
spider webs, or that were not accessible the previous
week were recorded as missing data.

Although the individual date of each trap capture
was recorded, capture data for the traps were identi-
Þed by calendar week. During some weeks, inclement
weather limited access to the traps on only a few days.
When one or more habitat types were completely
missing from the data corresponding to a speciÞc
week, data from that week were excluded from anal-
ysis. Inclement weather resulted in the loss of trapping
data during nine weeks of the Þrst study period, and
two weeks of the second study period. Thus, data were
available for 20 of the 29 wk during the Þrst study
period (week of 12 October to week of 16 December,
week of 6 January to week of 3 March, and weeks of
28 April and 5 May), and for 28 of the 30 wk during the
second study period (week of 15 September to week
of 6 October, week of 27 October to week of 6 April).
During each of these weeks, each habitat type was
represented by �28 traps except for the 3 wk begin-
ning 22 December through 5 January of the second
study period. During these weeks, we could access
only 11 or 12 traps associated with the resaca habitat.
Statistical Analyses.Trap captures during the fallow

season of the Lower Rio Grande Valley tend to follow
a seasonal pattern (Guerra and Garcia 1982). Thus, for
the purpose of analysis, weeks of trap capture were
arbitrarily combined into three seasonal periods: fall,
winter, and spring. The fall period extended from
study period initiation to mid-December. This period
was characterized by moderate-to-high air tempera-
tures and relatively high levels of weevil activity. The
winter period extended from mid-December to mid-
February and typically involved lower temperatures
and weevil activity levels than the fall period. The
spring period extended from mid-February (the nor-
mal time of the earliest planting of cotton in the re-
gion) until the end of the study period. Like the fall
period, the spring period typically featured higher air
temperatures and higher levels of weevil activity than
the winter period.

The trapping data were analyzed by mixed-model
analysis of variance (ANOVA) (PROC MIXED, SAS
Institute 2001). The model contained Þxed effects of
weevil sex, season, and habitat type, and all possible
interactions. Random effects included study period
(year of study), and week nested within season and
year [week(season*year)]. In addition, random ef-
fects of habitat*week(season*year) and sex*habitat*
week(season*year) were included as error terms for
tests of Þxed effects. Because the variances associated
with trap captures differed substantially between sea-
sonal periods, the GROUP � SEASON option was in-
cluded in the RANDOM statement of PROC MIXED.
Differences among levels of main effects were identiÞed
using TukeyÐKramer adjusted P values corresponding
to paired comparisons among the least-squares means
(adjust � TUKEY option of the LSMEANS statement).
The sources of signiÞcant interaction terms also were
exploredusing theSLICEoptionof theLSMEANSstate-
ment.Selecteddifferencesamonglevelsofeffectswithin
statistically signiÞcant slices of interactions were further
examined using contrasts.

Results and Discussion

Over the course of the experiment, the mean � SE
number of male weevils captured trap�1 wk�1 (1.38 �
0.289) was similar to the mean number of females
captured (1.40 � 0.289; F� 0.34; df � 1, 315; P� 0.56).
Neither were there signiÞcant interactions between
weevil sex and other model effects (sex*season: F �
0.41; df � 2, 315; P � 0.66; sex*habitat: F � 0.49; df �
6, 315; P� 0.82; and sex*season*habitat: F� 0.23; df �
12, 315; P � 0.99). Therefore, inßuences of other
model effects on trap captures were independent of
weevil sex.

SigniÞcant differences in overall seasonal mean cap-
tures of weevils trap�1 week�1 were not detected
(fall: 3.15 � 0.842; winter: 0.35 � 0.080; spring: 0.68 �
0.175; F� 6.69; df � 2, 3; P� 0.08). Differences among
habitat types in the numbers of weevils captured were
observed (F � 11.44; df � 6, 270; P � 0.01), but a
signiÞcant season*habitat interaction (F � 3.76; df �
12, 270; P � 0.01) indicated that patterns of trap cap-
tures among habitats differed among seasons. There-
fore, the respective effects of season and trapping
habitat are best illustrated by the patterns in trap
captures among combinations of season and habitat.

Comparisons of numbers of captured weevils
among habitats within seasonal periods indicated sig-
niÞcant differences during each season (fall: F� 5.96;
df � 6, 270; P� 0.01; winter: F� 8.00; df � 6, 270; P�
0.01; and spring, F � 18.95; df � 6, 270; P � 0.01).
During the fall, captures of weevils tended to be high-
est in association with the most prominent vegetative
features. Mean weekly captures of weevils in traps
associated with sugarcane, resaca, and brush habitats
were higher than those from canal, fallow, or pasture
habitats (Table 1). Captures associated with brush-
canals were not different from those from the sugar-
cane, resaca, or brush habitats and also did not differ
from captures associated with canals. The boll weevil

754 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 99, no. 3



commonly reproduces on regrowth cotton in the
Lower Rio Grande Valley (Rummel and Summy
1997), and the inability to statistically distinguish the
trap captures associated with canals from those of
brush-canals was probably caused by the inßuence of
regrowth or volunteer cotton in the fall of the Þrst
study period. This cotton occurred primarily in the
vicinity of the canals and was producing weevils by the
time it was destroyed in late November.

During the winter, captures of weevils were highest
in traps associated with the brush habitat (Table 1).
Captures associated with other habitats featuring
prominent vegetation (resaca and brush-canal) were
also higher than those from habitats featuring sparse
or only low-growing vegetation (pasture, canal, and
fallow). Magnitudes of weevil numbers captured in
traps associated with sugarcane could not be statisti-
cally distinguished from other habitat types except
brush. This intermediate ranking probably resulted
from burning and harvest activities that occurred dur-
ing the latter portion of the winter season and ex-
tended into the early portion of the spring season in
both study years.

Highest trap captures during the spring period oc-
curred in traps associated with brush, followed by
resaca (Table 1). Lowest mean captures occurred in
traps associated with canal and fallow habitats. Mag-
nitudes of captures associated with sugarcane, brush-
canal, and pasture habitats were intermediate.

Comparisons among seasons within individual hab-
itats indicated that thenumbersofweevils capturedby
traps associated with some habitat types reßected sea-
sonal differences, whereas those associated with other
habitats did not. Seasonal differences in weevil cap-
tures were not observed for habitat types of canal (F�
1.41; df � 2, 270; P� 0.25), pasture (F� 1.52; df � 2,
270;P� 0.22), or fallow (F� 1.04; df � 2, 270;P� 0.35;
Table 1). In contrast, seasonal differences in trap cap-
tures were observed for habitat types featuring prom-
inent vegetation (brush-canal: F � 4.87; df � 2, 270;
P � 0.01; brush: F � 11.97; df � 2, 270; P � 0.01;
sugarcane: F� 10.15; df � 2, 270; P� 0.01; and resaca:

F� 8.26; df � 2, 270;P� 0.01; Table 1). In each of these
habitats, numbersof capturedweevilswerehighest for
the fall compared with other seasons. Only traps as-
sociated with the brush habitat detected differences in
weevil captures between winter and spring. In the
traps associated with sugarcane, it is possible that
observed seasonal differences in weevil captures were
caused or inßuenced by harvest activities in the late
winter and early spring. However, patterns associated
with other habitat types suggest the higher captures of
weevils in traps associated with prominent vegetative
features also provided improved ability to detect sea-
sonal differences in trap response.

Our results demonstrate marked differences in cap-
tures of boll weevils by pheromone traps associated
with different habitat types. In particular, captures of
weevils tended to be highest in association with hab-
itats featuring prominent vegetation irrespective of
trapping season. Although our data are restricted to a
subtropical population of the boll weevil, D.W.S. has
made similar observations in the Brazos Valley of
Texas, and this knowledge has been used to minimize
the effort required to capture overwintered weevils
for other studies (unpublished data). Regardless,
mechanisms responsible for our observations are un-
known. Moderation of winds by prominent vegeta-
tion, as demonstrated by Sappington and Spurgeon
(2000a), may have inßuenced captures of weevils in
our study. However, it is likely that factors other than
wind moderation also were involved because trap lo-
cations were selected without reference to wind di-
rection. The boll weevil is known to exhibit color
preferences (Taft et al. 1969, Cross et al. 1976, Leggett
and Cross 1978), suggesting the possibility that re-
sponse to prominent vegetation may have a visual
basis. This hypothesis would be consistent with pre-
vious observations of increased response to traps
placed near wooded areas in both temperate (Cross
and Hardee 1968, Hardee et al. 1972, Roach et al. 1972)
and subtropical areas (Guerra and Garcia 1982) and
offers an explanation in addition to the nearness of
traps to overwintering habitat.

Boll weevil eradication programs, and associated
maintenance programs, rely primarily on the phero-
mone trap for population monitoring and detection. In
active eradication programs, traps are normally placed
in close association with cotton. Although this is not
the case in maintenance programs, traps are normally
placed without regard for immediate trap surround-
ings. Our results suggest the potential to improve cur-
rent trapping protocols through purposeful trap
placement. This potential is particularly high in main-
tenance programs in which trapping activities do not
focus primarily on cotton Þelds. However, such po-
tential is contingent on at least two factors. First, the
increased response to traps that we observed should
also translate into increased weevil detection efÞ-
ciency when population levels are very low. Second,
because traps assigned to prominent vegetative fea-
tures in our study were positioned immediately adja-
cent to the vegetation, it would be useful to better
understand the role of trap distance from the vegeta-

Table 1. Mean � SE weekly captures of boll weevils in pher-
omone traps associated with seven habitat types during three sea-
sonal periods in the Lower Rio Grande Valley of Texas

Habitat
Seasonal perioda

Fall Winter Spring

Brush 4.38 � 1.034aA 0.89 � 0.145aC 1.92 � 0.228aB
Resaca 4.49 � 1.031aA 0.51 � 0.110bB 0.85 � 0.193bB
Sugarcane 5.01 � 1.034aA 0.35 � 0.142bcB 0.59 � 0.221bcB
Brush-lined

canal
3.54 � 1.030abA 0.37 � 0.088bB 0.52 � 0.181cB

Canal 1.81 � 1.034bcA 0.11 � 0.135cA 0.23 � 0.216cdA
Pasture 1.27 � 1.030cA 0.15 � 0.092cA 0.44 � 0.184cA
Fallow Þeld 1.53 � 1.031cA 0.09 � 0.105cA 0.19 � 0.195dA

Means in a column followed by the same lowercase letter, or in a
row followed by the same uppercase letter, are not signiÞcantly
different, � � 0.05.
a Seasonal periods were deÞned as fall, early-September to mid-

December; winter, mid-December to mid-February; and spring, mid-
February to early-May.
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tion. Additional studies are currently underway to
investigate these spatial aspects of response to traps
associated with prominent vegetation.
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